Background-Although the absolute benefits of an intervention are proportional to patients' underlying risk, studies in heart failure have noted a paradoxical inverse relationship between treatment and risk. The extent to which this reflects higher rates of contraindications in patients with higher risk or larger gaps in care quality has not been explored. Methods and Results-We studied 18 307 patients with left ventricular systolic dysfunction surviving hospitalization between January 2005 and June 2007 from 194 hospitals participating in Get With The Guidelines (GWTG)-Heart Failure. Patients were categorized according to their estimated risk for in-hospital mortality using a validated risk score. The proportions of patients with documented contraindications to angiotensin-converting enzyme inhibitors or angiotensin receptor blockers and ␤-blockers as well as the use of these medications among patients without contraindications at hospital discharge was determined across levels of risk. For each therapy, the proportion of patients with contraindications was significantly higher with increasing patient risk (PϽ0.001 for each). Even after excluding those with contraindications, the use of angiotensin-converting enzyme inhibitors/angiotensin receptor blockers and ␤-blockers was significantly lower with increasing risk (PϽ0.001 for each). Conclusions-The use of evidence-based therapies is lower in patients with heart failure at higher risk of mortality both because of higher rates of contraindications to therapy and lower rates of use among eligible patients. Optimizing heart failure outcomes will require both the expansion of the evidence base for treating the highest-risk patients as well as the development of effective strategies to assure that eligible high-risk patients receive all appropriate therapies. (Circ Cardiovasc Qual Outcomes. 2010;3:309-315.)
S
everal medications, including angiotensin-converting enzyme (ACE) inhibitors or angiotensin receptor blockers (ARBs) and ␤-blockers, reduce mortality and morbidity in patients with heart failure (HF) and left ventricular systolic dysfunction (LVSD). Based on this evidence, clinical practice guidelines recommend these therapies for patients with LVSD and without contraindications to a given therapy. 1 These therapies are in some cases encouraged by national performance measures 2 and publicly reported as a means of evaluating the quality of HF care. 3 Further, national quality improvement efforts have focused on ensuring that patients hospitalized with HF are prescribed appropriate medications at discharge. 4 The relative benefits of many therapies are typically consistent across the spectrum of risk, 5, 6 thus conferring greater absolute benefits to higher-risk patients. However, studies have identified a "risk-treatment paradox" for common cardiovascular conditions, whereby higher-risk patients are less likely to receive recommended therapy. [7] [8] [9] [10] This risk-treatment paradox may reflect 1 of 2 phenomena. First, higher-risk patients may have a higher prevalence of contraindications to therapy, rendering them ineligible for evidence-based therapy ("evidence gap"). Second, higher-risk patients may be less likely to receive therapy even when eligible for treatment ("treatment gap").
The extent to which the observed risk-treatment paradox in HF represents evidence gaps or treatment gaps is not well known. The objective of the present study was to clarify these contributors to risk-related differences in care by determining first the proportions of patients with HF and LVSD with physician-documented contraindications to recommended medical therapy and second the proportions of patients without contraindications who do not receive evidence based therapy as a function of estimated mortality risk.
WHAT IS KNOWN
• A risk-treatment paradox has been identified for heart failure, whereby higher-risk patients are less likely to receive recommended therapy.
• This may reflect that higher-risk patients may have a higher prevalence of contraindications to therapy, rendering them ineligible for evidence-based therapy (evidence gap), or that higher-risk patients may be less likely to receive therapy even when eligible for treatment (treatment gap).
WHAT THE STUDY ADDS
• This study demonstrates that both an evidence gap (clinically documented contraindications were higher with increasing mortality risk) and a treatment gap (treatment rates among eligible patients were inversely associated with risk) exist.
• Thus, optimizing heart failure outcomes will require the development of effective strategies to assure that eligible high-risk patients receive all appropriate therapies and more broadly applicable evidencebased care strategies for patients who are not eligible for current guideline-recommended treatments.
Methods

Data Source
Data from the American Heart Association's (AHA) Get With The Guidelines-HF module (GWTG-HF) was used for this analysis. GWTG is a voluntary hospital-based national quality initiative. Participating hospitals are instructed to submit information on consecutive patients admitted to the hospital with new or worsening HF or patients who have significant HF symptoms during hospitalization to the program database using a Web-based interactive case report form and Patient Management Tool (PMT, Outcomes Sciences Inc, Cambridge, Mass). The diagnosis of HF is based on the treating clinicians' assessment. The GWTG-HF program and its component data elements have been described previously. 4, 11 All participating institutions were required to comply with local regulatory and privacy guidelines, and if required, submit the GWTG protocol for review and approval by their institutional review board. Because data were used primarily at the local site for quality improvement, sites were granted a waiver of informed consent under the common rule. Outcome Sciences served as the registry coordinating center. The Duke Clinical Research Institute served as the data analysis center and institutional review board approval was granted to analyze aggregate deidentified data for research purposes.
Study Population
Between January 2005 and June 2007, data were collected on 23 578 patients from 202 hospitals who had a diagnosis of HF, a left ventricular ejection fraction (LVEF) Ͻ40%, and were discharged alive. Patients were excluded if the admission date or time was invalid (nϭ1), data were missing for their discharge status (nϭ19) or left ventricular function (4156), or if they were transferred to a different acute care facility (nϭ544), left against medical advice (nϭ138), or were discharged to hospice (nϭ413). The final study cohort consisted of 18 307 patients with HF and LVSD surviving hospitalization from 194 hospitals.
Data Collection
The Patient Management Tool is used for point-of-care and/or chart-review data collection by personnel trained in case ascertainment, use of the patient management tool, standard coding instructions, and quality control. Data are collected from the medical record using standardized data elements and definitions for demographic and clinical characteristics, medical history, admission and discharge physical examination findings and laboratory values, in-hospital outcomes, discharge disposition, discharge medications, and contraindications to medications. Required fields are structured so that valid data must be entered before the data can be saved as a complete record and entered into the database. Range checks are used for inconsistent or out of range data and prompted the user to correct or review data entries that were outside a predefined range. Contraindications to medications are determined to be present if documented in the medical record by the treating clinicians. The contraindications collected for each medication are listed in Table 2 . Contraindications are not explicitly defined (eg, hyperkalemia is not defined by a specific potassium value). For this analysis, the focus was on the prescription of and contraindications to ACE inhibitors or ARBs and ␤-blockers.
Risk Classification
Patients were categorized according to their estimated in-hospital mortality risk using the validated GWTG-HF risk prediction score. 12 The risk score uses age, heart rate, systolic blood pressure, serum sodium, serum BUN, race, and a history of chronic obstructive pulmonary disease to calculate an aggregate risk score. The performance characteristics of the risk prediction score have been previously reported and include a c-index of 0.75. For this study, patients were categorized into 6 groups based on their estimated risk of in-hospital mortality. The thresholds used were round percentages with estimated risks as follows: group 1: Ͻ1%, group 2: 1% to 2%, group 3: 2% to 3%, group 4: 3% to 4%, group 5: 4% to 5%, and group 6: Ն5%. This grouping corresponded with observed mean in-hospital mortality rates of 0.6%, 1.4%, 2.3%, 3.3%, 4.4%, and 8.8%, respectively.
Statistical Analysis
Patient characteristics were compared across risk categories using Cochran-Mantel-Haenszel tests for categorical variables and Cochran-Mantel-Haenszel nonzero correlation tests for continuous variables. In the analytic cohort, sex was missing in 1.7% and past medical history was missing in 2.5%. Therefore, missing sex and medical history were imputed to the dominant category (male and no/absent, respectively). The proportion of patients with documented contraindications to guideline recommended therapies and the proportion of eligible patients prescribed guideline recommended therapies were determined within each risk stratum and compared across risk strata using Cochran-Mantel-Haenszel tests. Reported contraindications were also compared across risk strata using CochranMantel-Haenszel tests. For those with reported contraindications of worsening renal function and symptomatic hypotension, median discharge serum creatinine and mean discharge blood pressure measures were determined and compared across risk strata using Cochran-Mantel-Haenszel nonzero correlation statistics. Stratified analyses were performed for the Cochran-Mantel-Haenszel tests to compare the prescription of medications to ideal patients; the failure to prescribe medications to ideal patients; and the proportion of contraindications adjusting for hospital effects. All analyses were performed using SAS software (version 9.1, SAS Institute, Cary, NC). Drs Hernandez and Liang had full access to the data in the study and take full responsibility for the integrity of the data and the accuracy of the data analysis.
Results
Patient Characteristics
The characteristics of patients as a function of estimated mortality risk are shown in Table 1 . Patients at higher risk were older and more likely to be Caucasian. They were more likely to have coexisting illnesses, including atrial fibrillation, peripheral vascular disease, prior stroke, pulmonary disease, anemia, and renal insufficiency.
Contraindications
Overall treatment rates declined with increasing risk ( Figure  1 ). Of the overall cohort, 13% of the patients (nϭ2330) had a documented contraindication to ACE inhibitors and ARBs and 7% (nϭ1270) to ␤-blockers. For both ACE-inhibitors/ ARBs and ␤-blockers, the proportion of patients with documented contraindications increased significantly with increasing risk (Figure 2 and Figure 3) The proportion of patients with a contraindication to one or both classes of medications was also greater with increasing risk (Figure 4 ). Stated conversely, the proportion of patients without any contraindication and therefore eligible for both therapies decreased with increasing mortality risk, although 67% of those in the highest-risk group were eligible for both therapies. The frequencies of specific contraindications for each class of medication are shown in Table 2 . Among those with documented contraindications to ACE-inhibitors, patients at higher risk were more likely to have worsening renal function (PϽ0.001) and symptomatic hypotension (PϽ0.001) and less likely to have allergy (PϽ0.001) or bilateral renal artery stenosis (Pϭ0.015) documented as reasons for not prescribing an ACE inhibitor. Among those with documented contraindications to ARBs, higher-risk patients were more likely to have worsening renal function (Pϭ0.001) and symptomatic hypotension (PϽ0.001) and less likely to have "other" reasons for not prescribing an ARB (PϽ0.001). Among those with documented contraindications to ␤-blockers, patients at higher risk were more likely to have symptomatic hypotension (PϽ0.001) and less likely to have bradycardia (PϽ0.001).
Treatment Patterns by Level of Risk
The proportion of eligible patients (those without a documented contraindication) receiving a discharge prescription for ACE/ARBs and ␤-blockers were 84.9% and 89.7%, respectively. The proportions of patients eligible for therapy who were treated at discharge decreased with increasing mortality risk for both ACE/ARB (PϽ0.001) and ␤-blockers (Ͻ0.001) (Figures 2 and 3) .
Discussion
In the present population of patients hospitalized with HF from all regions of the United States, rates of treatment with guideline-recommended medications decreased significantly across the spectrum of patient risk for 2 distinct reasons: significantly higher rates of clinician-documented contraindications to these therapies with higher risk as well as lower rates of treatment in eligible patients. Thus, lower treatment rates with increasing risk are driven both by gaps in the evidence as well as gaps in the quality of care. These findings suggest that improving care for the highest-risk patients with HF will require both the development of innovative therapies with greater applicability to patients with HF as well as efforts to improve the quality of care that target the highestrisk population.
To our knowledge, this is the only study to evaluate the proportion of patients with HF and LVSD who have clinically documented contraindications and are therefore ineligible for guideline recommended medical therapy across the spectrum of mortality risk. Of the highest-risk patients, 26% had contraindications to ACE inhibitor and ARB therapy and 13% to ␤-blockers, suggesting that the current evidence base for medical therapy of HF with LVSD becomes decreasingly applicable to patients with increasing risk. This underscores the importance of ongoing research to develop broadly applicable therapies for HF that can be incorporated into existing practice guidelines. Although the relative paucity of guideline recommendations with the strongest evidence support has been elucidated, 13 the findings of our study suggest that limitations in the evidence base disproportionately affect the highest-risk patients.
We also explored the nature of contraindications and found that worsening renal function was the most commonly documented contraindication overall and among high-risk patients. Indeed, the median creatinine level was 2.2 mg/dL among those with worsening renal function as a documented contraindication, which is greater than creatinine levels in most clinical trials of ACE inhibitors. 14 -17 Although such trials typically excluded patients with higher creatinine levels, observational data suggest that patients with renal dysfunction treated with ACE inhibitors derive similar if not greater benefit than those with normal renal function. 18 -21 Although the guidelines recommend that ACE inhibitors should be used with caution in those with markedly increased creatinine levels (Ͼ3 mg/dL or 265 mol/L), 22 disproportionate concerns for complications attributable to worsening renal function may deprive many HF patients of the potential benefits of ACE inhibitor or ARB treatment. Clinicians should carefully consider the possible benefits of treatment against the risks rather than adopting a uniform practice of avoidance of ACE-inhibitors in all patients with relative contraindications.
Although other studies have characterized patterns of treatment among eligible patients across the spectrum of patient risk with the goal of defining the gap in quality of care, these studies have not been able to ascertain clinician-documented reasons for not providing therapy. Perhaps the largest study of this phenomenon in HF used relatively arbitrary definitions of contraindications (eg, systolic blood pressure of 120 mm Hg as a universal contraindication to prescribing ACE inhibitors). 7 The inability to assess clinically driven contraindications could result in misclassification of the population eligible for treatment with resultant implications on estimates of the size of the eligible population as well as treatment rates in this population. A unique strength of GWTG is the ability to clearly identify an ideal cohort for therapy (ie, those without clinical contraindications to therapy). Consistent with prior studies, we identified a risk-treatment paradox-rates of treatment among eligible patients decreased with increasing patient risk. Because the absolute benefits of a therapy with a given relative risk reduction are greatest in those with the greatest underlying risk, 23 this treatment gap deprives those with the greatest potential to benefit.
Approaches to addressing the risk-treatment paradox itself remain elusive. A recent study assessing physicians estimates of patient risk for acute coronary syndromes found that clinicians systematically underestimate risk, suggesting that the risk-treatment paradox, at least in part, arises from the lack of readily available approaches to understanding risk. 24 In the case of GWTG-HF, a validated risk model for inpatient 23 Another approach is to assess quality of care as a function of patient risk. Prescriptions of guideline-recommended medical therapies are process of care measures commonly used to evaluate and report quality of care for patients hospitalized with HF. 3, 25 Current approaches to measuring and improving care for HF typically assume that therapies have similar safety, tolerability, and benefits across patient populations, raising the question of whether clinical quality should be reported as a function of risk. 26 Elucidating disproportionate omissions in care for the highest-risk patients may provide the necessary impetus for institutions and clinicians to develop specific approaches to ensuring that the highest-risk patients receive those therapies for which they are eligible.
Certain factors should be considered in the interpretation of this study. First, 3 of the 7 variables used in the risk model-specifically systolic blood pressure, heart rate, and BUN-are often related to decisions to provide evidencebased heart failure care. Indeed, the clustering of high-risk conditions may result in a clinician's judgment that the benefits of optimizing heart failure therapy may be outweighed by the risks of polypharmacy and adverse drug events. Although no specific levels of these variables are considered clear contraindications to therapy except perhaps at extremes, it is possible that patients in the highest-risk groups had higher rates of undocumented contraindications. This phenomenon could lead to an overestimate of the extent of underuse and underestimate the proportion of clinically meaningful contraindications. However, the hospitals that use GWTG are aware that a primary goal of the registry is to identify eligible patients for therapy and determine rates of care in these populations and thus are more likely to explicitly document contraindications for those who are not eligible for therapy. Second, risk groups were based on estimated risk of in-hospital mortality rather than after discharge mortality. However, risk categorization probably would not be different as risk of in-hospital mortality is closely associated with long-term mortality risk, and these same variables have been demonstrated to predict postdischarge mortality risk. 27, 28 Third, the assessment of treatment was limited to the inpatient setting. Any significant changes in therapy after discharge may attenuate the variation identified in our study. However, it is known that the use of evidence-based therapies among eligible patients with heart failure are typically not added in the outpatient setting. 29 Finally, hospitals voluntarily participating in the GWTG program may have a higher likelihood of following guideline recommendations, probably making our results conservative estimates. However, this study includes a large sample of representative patients from numerous hospitals across the United States.
In summary, rates of use of guideline-based therapies in this hospitalized cohort of patients with HF and LVSD were significantly lower with increasing patient risk. This was because of higher rates of clinically documented contraindications, as well as a risk-treatment paradox, where treatment rates among eligible patients were inversely associated with risk of mortality. In identifying the contributors to lower rates of use of guideline-recommended therapies in patients with higher risk, our study provides insights into how this phenomenon could be minimized. Optimizing HF outcomes will require the development of effective strategies to ensure that eligible high-risk patients receive all appropriate therapies, more robust data on the risks and benefits of these therapies in patients with relative contraindications to identify larger groups of patients who can be safely treated with established therapies, and more broadly applicable evidence-based care strategies for patients who are not eligible for current guideline-recommended treatments.
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